Introduction
============

Initially developed in the 1930s as a technique for syphilis control in the United States, notification of sexual partners following the diagnosis of a sexually transmitted infection (STI) remains central to efforts aimed at controlling the spread of HIV and other STIs in at-risk populations \[[@ref1]\]. By retracing existing transmission pathways, partner notification (PN) offers the possibility to target efforts to the specific sexual networks structuring the spread of disease in a population \[[@ref2],[@ref3]\]. Partner-based strategies also provide an opportunity to access individuals and sexual networks that remain unaccessed by traditional HIV or STI education and prevention interventions, such as men who have sex with men (MSM) but do not identify as gay or bisexual \[[@ref4]-[@ref6]\]. The recent resurgence in syphilis infection among MSM in the United States and Europe (and the persistently high prevalence of syphilis in the global South) highlights the importance of developing and refining partner-based efforts to identify and treat syphilis transmission networks in high-risk populations \[[@ref7]-[@ref9]\].

In the field of PN, 3 different types of notification are commonly recognized: (1) provider-initiated notification, in which professional counselors and newly diagnosed individuals work together to identify and notify recent partners; (2) patient-directed notification, in which the index case is encouraged to independently notify their partners after a brief counseling intervention; and (3) contract notification, in which the responsibility for notification shifts from patient to provider after a specified time period \[[@ref10]\]. While provider notification is generally more effective than patient-directed efforts, resource-limited health systems in low- and middle-income countries (LMIC) often lack the personnel necessary to conduct detailed contact-tracing studies and so depend primarily on patient-based notification \[[@ref11]-[@ref14]\].

To characterize patient-initiated notification systems, Ferreira et al differentiated between simple and enhanced patient referral \[[@ref10]\]. In the simple patient referral, PN is encouraged through professional counseling at the time of diagnosis that emphasizes the importance of notifying recent partners. In the enhanced referral, supplementary tools, including educational video- and theory-based counseling interventions, patient-delivered partner treatment, referral cards, or Web-based notification tools, could be used to motivate and support patient-directed notification efforts \[[@ref15]-[@ref18]\]. Although these standardized categories have formed the central paradigm for PN research, additional research is needed to address overlap and intersection between different methods of notification in real-life clinical populations.

Previously, printed partner referral cards have been used in various circumstances and appear to be effective in promoting notification within heterosexual partnerships \[[@ref19],[@ref20]\]. However, evidence of the effect of referral cards in developing country settings is limited, and their use within MSM partnerships has not, to our knowledge, been evaluated in any previous randomized controlled trials (RCTs) \[[@ref21]-[@ref23]\].

Data the on the use of internet-based PN systems is mixed. Surveys of STI clinic patients in the United States and Australia, as well as MSM internet users in the United States, have found high levels of acceptability for Web-based notification systems \[[@ref24]-[@ref26]\]. In Europe and Australia, provider-managed internet notification has also been found to be useful in supporting PN during routine clinical practice \[[@ref27]-[@ref29]\]. In our recent study of STI-diagnosed MSM from Lima, Peru, the availability of a website that could deliver anonymous notification messages was expected to significantly increase the notification among men who were expected to not inform their partners under existing conditions \[[@ref30]\]. In contrast, previous studies from the United States assessing public awareness and the actual use of PN websites among community-based samples of MSM, as well as male and female visitors to STI clinics, found low levels of penetration into these target populations \[[@ref31],[@ref32]\]. The only RCT data on the effectiveness of Web-based PN among MSM comes from an incomplete study in Seattle (Washington, USA) that found poor uptake and low levels of acceptability among potential recipients of Web-based notification messages \[[@ref33]\]. To the best of our knowledge, no other study has conducted head-to-head comparisons of Web-based systems with other PN technologies \[[@ref34]\].

To address this gap in knowledge, we assessed the effect of new and traditional PN technologies on self-reported PN outcomes among MSM recently diagnosed with syphilis infection in Lima, Peru. While the Peruvian Ministry of Health maintains detailed guidelines for managing sexual partners of individuals with syphilis (including provider counseling, distribution of referral cards, and home treatment visits for partners of pregnant women), these services are delivered inconsistently in practice \[[@ref35],[@ref36]\]. The deficiencies of existing partner management systems in Peru can be seen in the findings from a previous study where after 1 year, only 41% of individuals with syphilis infection had notified any of their partners and 43% had been reinfected after the confirmation of cure \[[@ref37],[@ref38]\]. We conducted a factorial, RCT to compare the effect of printed partner referral cards and/or access to a Web-based notification system against standard counseling on self-reported PN outcomes among MSM in Lima, Peru, with untreated syphilis infection.

Methods
=======

Study Design
------------

Between November, 2012 and July, 2014, we conducted a four-arm, factorial RCT (NCT01720641) to assess the effect of new PN tools on notification outcomes among MSM in Lima, Peru, with untreated syphilis infection. The 4 arms included were (1) printed referral cards; (2) Web-based PN; (3) both printed referral cards and Web-based notification; and (4) control (standard of care) counseling procedures.

Screening Procedures
--------------------

Potential participants were recruited from both community and HIV or STI clinic sites by the staff of the Asociacion Civil Impacta Salud y Educacion (Lima, Peru). Both men and transgender women (TW) who reported anal intercourse with at least one male or transgender female partner in the previous 6 months were invited to participate in an STI screening protocol. Participants in the screening study completed a computer-assisted self-administered (CASI) survey that addressed demographic characteristics, history of HIV and STIs, alcohol and drug use, and sexual network characteristics, as well as attitudes, beliefs, and perceived community norms regarding PN for HIV and STIs. The survey also asked for detailed characteristics of participants' 3 most recent sexual partners, including each partner's gender and sexual identity, sexual practices performed with the partner during the last encounter, and the likelihood of notifying the partner in the event of an STI diagnosis. In order to assist with future recall of partner data, participants were asked to identify each of these 3 partners with a nickname or other identifying characteristic (eg, "the guy in the blue shirt from *La Cueva* ").

All participants underwent a physical examination to identify signs of primary or secondary syphilis infection (painless ulcerative lesions on oral, anal, or genital mucosa or macular rash suggestive of secondary syphilis). Following the clinical examination, participants' blood samples were collected to test for syphilis infection using the rapid plasma reagin (RPR) assay (RPRnosticon; Biomérieux) with microhemagglutination assay for Treponema pallidum antibodies (MHA-TP) confirmation (MHA-TP; Organon Teknika) and serial dilution of positive RPR titers. Although all participants were offered free HIV testing, it was not required as a condition of enrollment. The results of laboratory assays were provided within 2 weeks of screening.

Participants with syphilis infection were treated according to the stage of infection, as determined by a study physician following the review of participants' history of syphilis infection, antibiotic treatment, and RPR titer(s). Cases of symptomatic primary, secondary, and early latent syphilis infection were treated with a single intramuscular injection of 4.2 million units penicillin G benzathine. Conversely, cases of asymptomatic late latent infection were treated with 3 weekly injections of 2.4 million IU penicillin G benzathine. However, participants with newly diagnosed HIV infection were referred to local HIV treatment centers for the initiation of free antiretroviral therapy provided by the Peruvian Ministry of Health.

Randomization and Enrollment
----------------------------

We enrolled MSM and TW diagnosed with untreated syphilis (primary, secondary, or latent infection for which the treating physician recommended antibiotic therapy). Participants with symptomatic evidence of primary or secondary infection were enrolled at the initial screening visit, while participants with asymptomatic infection diagnosed by serology were enrolled after receiving the results of their RPR or MHA-TP testing. All participants provided signed informed consent for a study of, "If and how men with an STI inform their recent sexual partners of their diagnosis." Next, we assigned participants in a 1:1:1:1 fashion to one of the 4 study arms according to a predefined 400-subject randomization scheme generated by the first author at the website (www.random.org).

Intervention and Control Procedures
-----------------------------------

Each randomization envelope contained an assignment to one of the following 4 arms: (1) Web-based PN, (2) referral cards, (3) combined referral cards and Web-based PN, or (4) control. All allocation assignments were concealed in sealed, opaque, sequentially numbered envelopes that were opened in a numerical order by the study counselor at the point of randomization. To ensure visual and physical consistency of sealed randomization envelopes and to maintain concealment prior to allocation, each envelope was filled with a written study arm assignment, 1 PN counseling script, 5 partner referral cards or blank sheets of paper of the same color and consistency as the referral cards, and 1 Web-based PN access card or a blank note card of the same color and consistency. No deviation from the sequential allocation order or wasting of randomization envelopes was reported.

Randomization envelopes for all 4 arms included a standardized script that was read verbatim by the counselor. The counseling script advised the participants about the importance of notifying their recent partner of their STI diagnosis and informed them of the availability of free testing and treatment resources at the study website, as well as at other area health centers. Participants were also reminded that their safety was paramount and so they should not attempt to notify any partner who might react with violence or abuse.

Participants in the control arm did not receive any additional counseling or PN tools. Participants in the referral cards arm were provided with 5 printed cards to be delivered to a maximum of 5 of their recent sexual partners. Each card contained information about the symptoms and sequelae of syphilis infection, as well as the locations and operating hours of local sites offering free or low-cost HIV and STI testing services. Participants in the Web-based PN arm were read a brief script describing the Web-based notification resources available at (URL:http://www.inspot.org; Accessed: 2018-01-11) created by YTH, a nonprofit organization designed to use technology to promote youth health and wellness. A Spanish language "Peru" section of the inSPOT website was created specifically for this study and not publicized outside of the trial. Website content was not modified after initiation of the trial. In addition to providing anonymous PN messaging services, the Peru section provided information on testing and treatment resources available in major metropolitan areas of the country. Participants in the Web-based referral arms were provided with a note card indicating the website address. Participants in the combination referral cards/Web-based PN arm were provided with both printed referral cards and access to the inSPOT website using the methods described above.

Endpoint Assessment
-------------------

Participants in all four arms were asked to return to the clinic in 14-21 days for a follow-up evaluation. The prespecified primary endpoint was self-reported PN. At the follow-up visit, participants completed a brief CASI survey to assess how many of their recent partners (from the 30 days before screening) had been notified, as well as whether each of their 3 most recent partners had been notified and received antibiotic treatment. Participants were reminded of the total number of sexual partners that they had reported at the baseline visit and asked to quantify how many of these partners had been notified. To assist with recall of data for the 3 most recent partners, participants were reminded of the nickname or other identifying characteristic they had assigned each partner, as well as partners' gender and sexual identity. Furthermore, survey questions asked whether each partner had been notified and used a 4-point Likert scale to assess the participants' degree of certainty for whether the partner had received the notification message, whether the partner had sought HIV or STI testing, and whether the partner had received any STI treatment. Operational statistics on the use of the inSPOT.org website during the study period were collected by the YTH staff.

Sample Size and Power Calculations
----------------------------------

Sample size calculations were based on previous observational studies of Peruvian men and women diagnosed with HIV or STI \[[@ref12],[@ref39]\]. Assuming a baseline frequency of 56% for notification of any partner, a sample of 100 subjects per arm was projected to have 80% power to detect a 20% increase in the notification of any recent partner(s).

Statistical Analysis
--------------------

For the preplanned primary analysis, we recategorized the study arms as follows: (1) Web-based PN (arms 1 and 2); (2) referral cards (arms 2 and 3); and (3) control (arm 4). This approach allowed us to maximize the use of limited resources by assessing two different PN tools within a single clinical trial design, although it was not powered to assess for a synergistic interaction between the interventions \[[@ref40],[@ref41]\]. Descriptive characteristics for each study arm were calculated with medians and interquartile ranges (IQRs) for continuous variables and proportions for categorical variables. The proportion of participants who reported notifying any recent partner was calculated by the study arm. Next, ORs comparing "Web-based PN versus control" and "referral cards versus control" were calculated with a logistic regression model. We calculated the percentage of all partners, all male partners, stable male partners, and casual male partners who were notified by dividing the total number of partners reported per category by the number of partners per category that was notified. Due to the small number of female partners reported, female partners were excluded from the analysis. Then, we compared the percentage of partners notified in the "Web-based notification versus control" and "referral cards versus control" using the Wilcoxon rank-sum test. For analysis of data obtained from the participants' 3 most recent partners, we used a logistic generalized estimating equation model to assess the notification and treatment outcomes for "Web-based notification versus control" and "referral cards versus control." These outcomes specified (1) if the partner was notified, (2) if the participant knows that the partner received the message, (3) if the partner was known to have been tested for HIV and other STIs, and (4) if the partner was known to have received antibiotic treatment (either delivered by the participant or from another source). No interim analyses were conducted. All analyses were intention-to-treat, and all *P* values were two-sided. All statistical analyses were conducted in Stata 14.1 (StataCorp, College Station, TX, USA).

Human Subjects Protections
--------------------------

All study procedures were reviewed and approved by the University of California, Los Angeles Office for Human Research Participant Protection (institutional review board \#11-003105) and the Asociacion Civil Impacta Comite de Bioetica (Certificate \#0052-2012-CE) and were registered with the *Peruvian Instituto Nacional de Salud* before the initiation of any activities. All participants underwent separate informed consent procedures for the screening and RCT protocols and provided written informed consent for each protocol. The clinical trial was registered with clinicaltrials.gov (Protocol Number NCT01720641).

Results
=======

Between November 2012 and June 2014, we screened 1625 individuals, of whom 537 were eligible for enrollment based on results of the physical examination or syphilis serology ([Figure 1](#figure1){ref-type="fig"}).

We noted signs and symptoms of primary syphilis in 36 individuals, whereas secondary infection was identified in 22 others. Of 479 MSM and TW with latent infection and positive RPR and MHA-TP assays, 74 were diagnosed with a previously treated infection that did not require additional treatment, 64 did not return for their results, and 29 were enrolled in a concomitant trial of expedited partner therapy for gonorrhea or chlamydia infection \[[@ref42]\]. We enrolled 370 MSM or TW with recently diagnosed syphilis infection and randomly assigned each to one of the following four arms: (1) standard counseling or control (arm 1; N=94), (2) referral cards (arm 2; N=97), (3) Web-based PN (arm 3; N=95), or (4) combination Web-based PN and referral cards (arm 4; N=84). According to the prespecified analysis plan, data from arms 2 and 4, as well as arms 3 and 4, were combined into single arms ("referral cards" and "Web-based PN," respectively).

![Screening, enrollment, and follow-up (CONSORT) flowchart; Lima, Peru 2012-2014. MSM: men who have sex with men; RPR/MHA-TP: rapid plasma reagin/microhemagglutination Treponema pallidum; GC/CT: gonorrhea/chlamydia; PN: partner notification; ITT: intention-to-treat.](jmir_v20i7e232_fig1){#figure1}

The median age of participants was 30 years in the control group and 27 years in the other two arms ([Table 1](#table1){ref-type="table"}). The majority of participants had completed secondary school, as well as some university education or technical training, and reported daily or weekly internet use. The most commonly cited sexual identity was "gay or homosexual," with most participants describing their role during intercourse as Moderno (versatile) or Pasivo (receptive). Participants reported a median of 2 male or transgender female sexual partners during the past 30 days. Symptomatic syphilis was more frequently noted among participants in the referral cards (38/181, 21.0%) than the Web-based PN (29/179, 16.2%) and control arms (14/94, 14.8%). Furthermore, the median RPR titer ranged from 1:16 in the Web-based PN arm to 1:32 in the other arms.

At 14-21 Days Follow-up, the proportion of subjects who reported notifying any recent sexual partners of their diagnosis was significantly lower in the Control arm (49/94; 52.1%) than in both the Referral Cards (117/181; 64.6%; Odds Ratio and 95% Confidence Interval: 1.68 \[1.01-2.79\]) and the Web-based PN (126/179; 70.4%; OR and 95% CI: 2.18 \[1.30-3.36\]) arms ([Table 2](#table2){ref-type="table"}).

###### 

Baseline characteristics by randomization arms (N=370); Lima, Peru, 2012-2014. Arms 1 and 2: Web-Based partner notification (PN; N=179); Arms 2 and 3: Referral Cards (N=181); Arm 4: Control (n=94).

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Demographic                                                  Arm 1: Web-based PN only (n=95)     Arm 2: Referral cards + Web-based PN (n=84)   Arm 3: Referral cards only (n=97)   Arm 4: Control (counseling; n=94)   
  ------------------------------------------------------------ ----------------------------------- --------------------------------------------- ----------------------------------- ----------------------------------- ------------
  Age (years), median (IQR^a^)                                 27 (23-34)                          27 (23-35)                                    26 (23-30)                          30 (24-35)                          

  **Education, n (%)**                                         \                                   \                                             \                                   \                                   

  \                                                            Primary school only                 2 (2.1%)                                      0 (0%)                              0 (0%)                              2 (2.2%)

  \                                                            Incomplete secondary school         9 (9.5%)                                      9 (10.8%)                           11 (11.3%)                          11 (12.1%)

  \                                                            Complete secondary school           20 (21.0%)                                    23 (27.4%)                          25 (25.8%)                          24 (25.5%)

  \                                                            University or vocational training   64 (67.4%)                                    52 (61.9%)                          61 (62.9%)                          57 (60.1%)

  **Sexual identity, n (%)**                                   \                                   \                                             \                                   \                                   

  \                                                            Heterosexual                        3 (3.2%)                                      0 (0%)                              2 (2.1%)                            3 (3.2%)

  \                                                            Bisexual                            13 (13.7%)                                    25 (29.8%)                          22 (22.6%)                          20 (21.3%)

  \                                                            Homosexual/gay                      71 (74.7%)                                    55 (65.4%)                          67 (69.1%)                          67 (71.3%)

  \                                                            Trans                               2 (2.1%)                                      1 (1.2%)                            0 (0%)                              2 (2.1%)

  \                                                            Other                               0 (0%)                                        1 (1.2%)                            3 (3.1%)                            2 (2.1%)

  \                                                            I don't know                        6 (6.3%)                                      2 (2.4%)                            4 (4.1%)                            0 (0%)

  **Sexual role, n (%)**                                       \                                   \                                             \                                   \                                   

  \                                                            *Activo* (Insertive)                14 (14.7%)                                    13 (15.5%)                          12 (12.4%)                          12 (12.8%)

  \                                                            *Pasivo* (Receptive)                28 (29.5%)                                    21 (25.0%)                          35 (36.0%)                          22 (23.4%)

  \                                                            *Moderno* (Versatile)               47 (49.5%)                                    49 (58.3%)                          43 (44.3%)                          57 (60.6%)

  \                                                            Other                               4 (4.2%)                                      1 (1.2%)                            3 (3.1%)                            2 (2.1%)

  \                                                            I don't know                        2 (6.3%)                                      0 (0%)                              4 (4.1%)                            1 (1.1%)

  **Number of sexual partners (past 30 days), median (IQR)**   2 (1-3)                             2 (1-3)                                       3 (1-5)                             3 (1-5)                             

  \                                                            Number of male partners             2 (1-3)                                       2 (1-4)                             3 (1-5)                             2 (1-4)

  \                                                            Number of female partners           0 (0-0)                                       0 (0-0)                             0 (0-0)                             0 (0-0)

  **Frequency of internet use, n (%)**                         \                                   \                                             \                                   \                                   

  \                                                            Daily                               69 (72.6%)                                    64 (76.2%)                          68 (70.1%)                          69 (73.4%)

  \                                                            Weekly                              17 (17.9%)                                    17 (20.2%)                          18 (18.6%)                          17 (18.1%)

  \                                                            Monthly                             4 (4.2%)                                      0 (0%)                              4 (4.1%)                            3 (3.2%)

  \                                                            Less than monthly                   3 (3.2%)                                      1 (1.2%)                            2 (2.1%)                            2 (2.1%)

  \                                                            Never                               2 (2.1%)                                      2 (2.4%)                            5 (5.2%)                            3 (3.2%)

  RPR^b^ titer, median (IQR)                                   16 (8-64)                           16 (8-64)                                     32 (8-64)                           32 (8-64)                           

  **Symptomatic infection, n (%)**                             \                                   \                                             \                                   \                                   

  \                                                            Primary syphilis                    10 (10.5%)                                    14 (16.7%)                          14 (14.4%)                          7 (7.4%)

  \                                                            Secondary syphilis                  3 (3.2%)                                      2 (2.4%)                            8 (8.2%)                            7 (7.4%)

  \                                                            Latent syphilis                     82 (86.3%)                                    68 (80.9%)                          75 (77.4%)                          80 (85.2%)
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^a^IQR: interquartile range.

^b^RPR: rapid plasma reagin.

###### 

Partner notification outcomes among men who have sex with men with recently diagnosed syphilis; Lima, Peru; 2012-2014.

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  \                                               Percentage who notified any recent partners, n (%)   OR^a^ (95% CI)     Percentage who notified any recent partners (≥1 recent partner), n (%)   OR (95% CI)
  ----------------------------------------------- ---------------------------------------------------- ------------------ ------------------------------------------------------------------------ ------------------
  Arm 1: Web-based PN^b^ only (n=95)              62/95 (65.2)                                         \                  62/86 (72.1)                                                             \

  Arm 2: Referral cards only (n=97)               53/97 (54.6)                                         \                  53/79 (67.1)                                                             \

  Arm 3: Referral cards and Web-based PN (n=84)   64/84 (76.2)                                         \                  64/73 (87.7)                                                             \

  Arm 4: Control (n=94)                           49/94 (52.1)                                         ---                49/79 (62.0)                                                             ---

  Arms 1+3: All Web-based PN (N=179)              126/179 (70.4)                                       2.18 (1.30-3.66)   126/159 (79.2)                                                           2.34 (1.29-4.24)

  Arms 2+3: All referral cards (N=181)            117/181 (64.6)                                       1.68 (1.01-2.79)   117/152 (77.0)                                                           2.05 (1.13-3.70)
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^a^OR: odds ratio. Arm 4: Control is the reference category for all ORs.

^b^PN: partner notification.

After excluding individuals who denied having any sexual partners in the 30 days before enrollment, the strength of the correlation between the intervention arm and the PN outcomes increased further (referral cards OR 2.05, 95% CI 1.13-3.70; Web-based PN OR 2.34, 95% CI 1.29-4.24).

The proportion of participants' 3 most recent partners who had been notified was significantly higher among those assigned to the referral cards (240/467, 51.4%; 95% CI 44.7%-58.1%; *P*\<.001) and Web-based PN (241/421, 57.2%; 95% CI 50.5%-63.9%; *P*\<.001) interventions than among those in the control arm (82/232, 35.3%; 95% CI 26.5%-44.1%; [Figure 2](#figure2){ref-type="fig"}). This observed difference in self-reported notification outcomes remained significant when limited to all male partners (*P*\<.001) and stable male partners (*P*=.01). Although the frequency of notification for casual male partners was significantly higher in both intervention arms, these differences did not attain statistical significance (*P*=.16 and *P*=.54).

The availability of the intervention tools resulted in higher reported frequencies of attempted notification, confirmed notification, and partner STI testing for participants' 3 most recent partners, although none of these comparisons was statistically significant ([Figure 3](#figure3){ref-type="fig"}). Furthermore, the frequency of participant-reported partner STI treatment was highest in the Web-based PN arm; however, the proportion of partners known to have received treatment was higher in the control arm than in the referral cards arm.

![The proportion of all recent partners notified among men who have sex with men diagnosed with syphilis infection; Lima, Peru 2012-2014. PN: partner notification; \*: Calculated using the Rank-Sum Test..](jmir_v20i7e232_fig2){#figure2}

![Prevention cascade outcomes of 3 most recent partners of MSM diagnosed with syphilis infection; Lima, Peru 2012-2014. PN: patient notification; STI: sexually transmitted infection. \*Generalized Estimating Equation Model.](jmir_v20i7e232_fig3){#figure3}

During the study period, the Peru section of the inSPOT website received 183 unique visits. These visitors sent a total of 47 different e-card messages to 119 recipients (allowing for the possibility of sending the same card to multiple recipients). No episodes of interpersonal violence or partner abuse were reported by study participants in any of the arms.

Discussion
==========

In this study, both new Web-based and traditional printed-media notification tools resulted in significant increases in self-reported PN outcomes compared with simple counseling. Peruvian MSM with newly diagnosed syphilis who were randomly assigned to receive printed referral cards and/or access to a Web-based notification system were more likely to report that they had notified at least one recent sexual partner and to report a larger proportion of recent sex partners. While the greatest impact on notification outcomes was observed among stable partners, smaller increases in notification were also observed with casual partners, particularly among participants randomly assigned to receive access to the Web-based PN system. These findings provide important data to guide global STI control efforts and suggest the potential importance of simple, inexpensive methods to promote patient-directed PN by MSM in resource-limited settings.

To the best of our knowledge, this study is the first to provide RCT evidence of the effectiveness of patient-controlled, Web-based notification systems among MSM. The odds of notifying a recent sexual partner of a potential syphilis exposure were significantly higher among men who received access to the PN website. These results are consistent with findings from our formative research and imply an absolute increase of 30% in the proportion of stable male partners notified and 15% among casual male partners \[[@ref30]\]. A synthesis of this data with our formative research findings reveals that a positive effect of Web-based systems on notification outcomes could be attributed to multiple factors, including the availability of an anonymous mechanism to notify partners of a potentially stigmatizing diagnosis, the ability to contact partners for whom only an email address is known, and the opportunity to replicate existing methods of communication among young people already accustomed to communicating through Web-based networks \[[@ref39],[@ref43]\].

Although extensive research has been conducted on the effect of printed referral cards for PN, this study is one of the first to evaluate their use within MSM partnerships in Latin America. As with Web-based systems, participants randomly assigned to receive printed partner referral cards exhibited a higher likelihood of notifying at least one partner and a considerably larger proportion of all their recent partners. The observed effect of referral card distribution was highest among stable male partners, with only a minimal effect on the number of casual male partners notified. These findings suggest that notification tools, such as partner referral cards, could be the most valuable in the context of established partnerships, where face-to-face communication is more likely, as opposed to casual sexual contacts where direct, in-person communication is often rare or nonexistent. Taken together, our data support the routine use of these simple, inexpensive tools as resources to enhance patient-driven notification in LMIC settings or other contexts where provider-guided notification programs are unavailable.

In contrast to the substantial impact of both intervention tools on the frequency of notification and the proportion of partners notified, data on more distal outcomes in the notification cascade, such as partner testing and STI treatment, were inconclusive. The assessment of outcomes limited to participants' 3 most recent sexual partners revealed a nonsignificant increase in the participant-reported notification and confirmation of notification, but minor, or even negative, differences in the frequency of partner STI testing and treatment (as reported by participants). As this study was designed to promote and assess only the initial step of notification, the small number of partners included in this section of the analysis and the use of generalized estimating equation modeling to control for multiple observations per participant is likely to have limited our power to detect statistically significant differences. In addition, the dissipation of the intervention effect observed as we progressed through the partner management cascade might reflect the participants' inability to follow up on their notification messages, particularly the ones sent to casual partners through an anonymous, Web-based system. The lack of an observed effect on downstream outcomes indicates the need for additional interventions to support partner management outcomes throughout the partner management cascade, beginning with notification and culminating with a linkage to and retention in HIV or STI care \[[@ref42]\]. While the preliminary research on potential responses to hypothetical anonymous notification messages among MSM in Peru indicated that the recipients would be motivated to seek medical attention after receiving an anonymous message, data from the United States have suggested otherwise, and this study too did not collect any partner-confirmed information on postnotification behavior \[[@ref33],[@ref43]\]. Additional research is needed to evaluate these hypotheses and support both index cases and their partners throughout the HIV or STI prevention and treatment process.

There are several limitations to be considered when interpreting our findings. First, the fact that our data are based on participants' self-report, without independent confirmation by sexual partners, increases the possibility that observed improvements in notification might have been due to social desirability bias in reporting. However, this bias would have likely affected all arms of the study, resulting in a type II error in favor of the null hypothesis and thereby underestimated the true impact of these notification tools. In order to minimize the possibility of desirability bias, we enrolled participants using standardized scripts informing them only that they were invited to a study of, "If and how men with an STI inform their recent sexual partners of their diagnosis," without specifying the different intervention tools being evaluated. In addition, all participants, regardless of the intervention arm, were read the same standardized counseling script advising on the importance of notification and the availability of local testing and treatment resources. Due to the lack of independent partner confirmation, data on the more distal outcomes in the prevention cascade (eg, partner testing and antibiotic treatment) are less reliable and require further investigation with directly confirmed outcomes to be validated. As we did not survey partners on notification outcomes, we were unable assess the cross-contamination between study arms and determine whether individual partners received notification from multiple sources. Similarly, given the relatively small sample size of this study, secondary evaluations of participant- and partner-level factors that might have modified the effect of PN technologies, including the presence or absence of biological symptoms, new diagnosis of HIV coinfection, and differences in the gender and sexual identities of participants and their partners, are beyond the scope of the data presented. Finally, as few TW were enrolled in this study and few cisgender female partners were reported, we did not have sufficient data to draw any conclusions regarding notification by or to MSM and these other groups. Despite these limitations, this study provides important preliminary data to support research into new methods for PN following STI diagnosis in resource-limited settings.

This study provides critical clinical trial evidence to support the effectiveness of both new and traditional notification technologies to support patient-directed PN among MSM with syphilis in Latin America. Regarding the global resurgence in the syphilis incidence within MSM sexual networks, accompanied by endemic levels of transmission among MSM in Latin America, these tools offer simple, inexpensive resources that can dramatically affect the frequency of PN following syphilis diagnosis. While provider-initiated notification by dedicated health professionals is highly effective in promoting PN, testing, and treatment, several resource-limited health systems lack the workforce to implement provider-based notification systems. As a result, strategies to support patient-initiated notification are critical to controlling the disseminated syphilis epidemics that exist among MSM and their male, female, and transgender partners in Latin America. Additional research is needed to explore partner responses to patient-initiated notification messages and develop effective interventions to support testing and treatment outcomes throughout the partner management cascade. Both Web-based notification systems and printed partner referral cards offer simple, effective tools to support the first step in PN, testing, and linkage to care cascade and can fill a unique and essential niche for global HIV and STI prevention efforts.
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